Cancer and diabetes are two major health problems worldwide, and incidence is increasing globally for both diseases. Type 2 diabetes is characterized by hyperinsulinemia and insulin resistance and the effect of insulin and insulin growth factor I on cancer development and progression have been demonstrated in animal and human studies. The relationship between diabetes and cancer was reported for more than 60 years. Many epidemiological studies conducted over time suggested the association between diabetes and cancer.
Introduction
Cancer and diabetes are two major health problems worldwide, and incidence is increasing globally for both diseases. In 2012, 14.1 million new cancer cases and 8.2 million death occurred worldwide, and the number of cases and deaths is expected to grow as populations adopt lifestyle behaviors that increase the cancer risk [1, 2] . Diabetes is also an important health problem associated with severe complications, and its growing worldwide In 2014 was estimated that 422 million adults were living with diabetes, the prevalence of diabetes globally is 8.5% in adult population and caused 1.5 million death in 2012 [3] . Globally, cancer is the 2nd cause of death, and diabetes is 12th cause of death [4] . The economic growth is accompanied by lifestyle westernization, characterized by physical inactivity, high-calorie diet and obesity and may explain this change in incidence and mortality of lifestyle related diseases such as diabetes, cancer and cardiac disease.
The relationship between diabetes and cancer was reported for more than 60 years. Theodore Tuffier, a French surgeon, is probably the first one to hypothesize the existence of a relationship of type 2 diabetes mellitus and cancer risk in the second half of nineteenth century. He observed that patients with type 2 diabetes have a greater risk of certain cancers than those without diabetes and formulated some key questions: could diabetes affect the incidence of cancer? could diabetes influence the natural history of cancer? and could cancer affect the natural history of diabetes? [5] .
Many epidemiological studies conducted over time suggested the association between diabetes and cancer. Studies show an increased risk in type 2 diabetic patients for colon, breast, liver, pancreas, bladder cancers and non-Hodgkin's lymphoma [6] [7] [8] [9] [10] [11] [12] , and a decrease risk for prostate cancer [13] . Lung cancer does not appear to be related to diabetes and for renal cancer data are inconclusive [14] .
Diabetes, beside the fact that is an independent risk factor for different type of cancer, can also have an impact on prognosis of cancer, and studies shown an increased cancer mortality in patients with diabetes. A meta-analysis of 23 studies comparing the overall survival in cancer patients with or without diabetes showed that diabetic patient have an increased mortality, HR of 1.41 (95% CI, 1.28 to 1.55) compared to non-diabetic patients in all cancer types [15] .
The majority of the studies that explore the relation between diabetes and cancer do not make the difference between type 1 and type 2 diabetes. It is important to make that distinction, because type 1 diabetes is an autoimmune disease and it is caused by destruction of pancreatic β cells with resultant insulin deficiency and hyperglycemia, and on the other hand type 2 diabetes it appears because of peripheral insulin resistance and it is characterized by hyperinsulinemia and β cell hyperplasia. These 2 entities differ also in the age of onset, type 2 diabetes occurs in adults patients, while type 1 diabetes is usually observed in young people. Considering the differences in the physiopathology of these two diseases, it is important to make diagnostic distinction before any conclusion is made about the association of diabetes and cancer. But, the large majority of patients with diabetes have type 2 diabetes and most study have been conducted on patients with diabetes at older age, this can extrapolate that the majority of diabetic patients who develop cancer are patients with type 2 diabetes.
One Swedish study was conducted on patients with type one diabetes, but did not found an increased risk for pancreatic, breast or colorectal cancer in this patients [16, 17] . the association of diabetes with different type of cancer is related to common risk factor for both diseases or diabetes with metabolic modification like insulin resistance and hyperinsulinemia is responsible for the increased risk of cancer. More studies are needed to understand the role of each component of lifestyle independent of other, to understand the relation between diabetes and cancer.
Age
More than 60% of cancers are diagnosed in patients aged 60 years or more, and the prevalence of diabetes is 17% in this age group; the coexistence of cancer and diabetes is expected to raise as life expectancy increases [19, 20] .
Obesity
Diabetes is known to be related with overweight and obesity, studies shown over the years a strong association between obesity, insulin resistance and type 2 diabetes and early age diagnosis of diabetes is reported to be linked directly to obesity severity [21, 22] . Cancers most frequently associated with obesity and overweight are breast cancer in postmenopausal women, colon, pancreas, endometrium, gallbladder and liver, and may increase mortality in prostate cancer [23, 24] .
The association between weight loss and decreased risk of diabetes was strengthened by numerous studies. A randomized, prospective, multicenter Diabetes Prevention Trial, shown that lifestyle intervention and physical activity was associated with 58% reduction in incidence of diabetes in high risk individuals [25] .
The relation between weight loss and cancer risk is not that clear, and most data are derived from breast cancer studies, and in this studies association observed was very weak [26] . The Nurses' Health Study shown a statistical significant association between weight loss and decrease incidence of breast cancer, if the weight loss is maintained for more than 4 years [27] .
Physical inactivity
Data from epidemiologic observational studies shown that physical activity is associated with lower risk of colon, breast and endometrial cancers, and may help to prevent lung or prostate cancer, but in this case the link is not yet established [28] [29] [30] [31] .
A protective role of increased physical activity in diabetes metabolism and outcomes has been demonstrated in studies. Data from observational studies suggest that approximately 30 to 60 minutes of moderate-intensity physical activity, at least 5 days per week reduces substantially, with 25-36%, the risk of developing type 2 diabetes [18, 32] .
Smoking
Smoking is a well-known risk factor for lung cancer incidence and mortality. Other types of cancer that is known to be associated with cigarette smoking are cancer of larynx, upper digestive tract, bladder, pancreas, liver, kidney and uterine cervix. Studies have shown that smoking is an independent risk factor for diabetes, and it is well known to act as an adverse effect on diabetes complications [33, 34] .
Alcohol consumption
Alcohol consumption increases the risk of many type of cancers, oral cavity, pharynx, colon, liver and female breast. For diabetes, increased alcohol consumption is a considered a risk, but moderate consumption was associated with reduced incidence of diabetes in both men and women [35, 36] .
Mechanisms underlying diabetes and cancer
Carcinogenesis is a very complex process in which normal cells must undergo multiple genetic modification in order to appear malignant phenotype and invasion and metastasis occurs. This process of carcinogenesis is divided in three steps. First step is initiation, this is the irreversible step toward cancer, second step is promotion, the stimulation of growth of initiated cells, and the third step is progression. Any factors that have the capability to affect one of these steps could be associated with cancer incidence and mortality.
Diabetes may have an effect on carcinogenesis process by multiple mechanisms: hyperinsulinemia, either is exogenous due to administration of insulin or endogenous due to insulin resistance, hyperglycemia or chronic inflammation [18] .
There are many epidemiologic evidence that support the link between diabetes and cancers. Diabetes and cancer may be related simply because these two diseases share common risk factors such as obesity, diet, physical inactivity, but several biologic mechanism have been described that may strengthen this link between diabetes and cancer.
Information regarding biologic mechanism is from in vivo and in vitro studies, research is ongoing currently to provide more clear understanding of these possible mechanisms, and the information from these studies may be important for prevention of the disease and management of the patient.
Hyperinsulinemia
Insulin and insulin-like growth factor (IGF) receptors form a complex network of cell surface receptors and majority of cancer cells express these receptors. The A isoform is commonly expressed on cells, and can stimulate insulin-mediated mitogenesis, even in cells that do have a deficiency in IGF-I receptors, and in addition to this function, the insulin receptor is capable to stimulate cell proliferation and to promote metastasis [18, 37, 38] . Interaction of insulin receptors or IGF-I receptors with their ligands activate multiple pathways, that can stimulate proliferation, resistance to apoptotic stimuli, invasion and metastasis. IGF-I have more important anti-apoptotic and mitogenic activities than insulin, and could act as growth factor in pre-neoplastic or cancer cells that express insulin and IGF-I receptors. In cancer cells these receptors are over-expressed and many cancer cell lines have been shown to be very responsive even to the mitogenic effect of normal concentrations of IGF-I [39] [40] [41] .
High levels of IGF-I have been associated with an increased risk of postmenopausal breast cancer, colon and prostate cancer [18, 42, 43] .
It is also possible that hyperinsulinemia may promote carcinogenesis by indirect mechanisms. Insulin reduces the hepatic production of insulin growth factor binding protein (IGFBP) and this will lead to increased levels of circulating free IGF-I.
Hyperinsulinemia have an indirect effect on reduction in hepatic production and blood levels of sex-hormone binding protein, which increase bioavailability of estrogen in both man and women and also increase bioavailability of testosterone in women which is also link to cancer, but not in man [18, 44] .
In postmenopausal women, body fat is the primary site of estrogen synthesis, and obesity is related to high levels of serum estrogen this will increase the risk for breast and endometrial cancers in women who do not use hormonal replacement therapy [45] .
Hyperglycemia
The link between effect of hyperglycemia and cancer is still unclear. Hyperglycemia increases production of free radicals which could lead to oxidative damage to DNA and mutation in oncogenes and tumor suppressor genes [18] . Research is still unclear about whether high levels of circulating glucose fuels malignant growth.
The recent interest in Warburg hypothesis emphasize the dependence of many cancers on glycolysis, creating a high requirement for glucose, so called "glucose addiction," because ATP generation glycolysis requires more glucose than oxidative phosphorylation. This is the basis for F-flurodeoxyglucose-positron emission tomography (PET) of cancer, that detects tissues with high glucose uptake [46] .
Studies correlating hyperglycemia with cancer do not indicate that the high level of glucose itself mediate this correlation, because chronic hyperglycemia is associated with insulin resistance and often with excess of body fat, and hyperglycemia may act as surogate [18] .
Chronic inflammation
Type 2 diabetes and obesity are characterized by chronic inflammation that increases the production of free radicals. This can disrupt insulin signaling and damage DNA. Adipose tissue is an active endocrine organ and is producing interleukin-6 (IL-6), plasminogen activator inhibitor-1 (PAI-1), adiponectin, leptin and tumor necrosis factor-α (TNF-α). All of these factors may play a role in malignant transformation and cancer progression, and some of these roles are well known [47] .
Diabetes treatment and cancer
Type 2 diabetes is treated with different types of medications, so it may be a link between these drugs and the risk of cancer. Anti-diabetic medication includes drugs that increase insulin in circulation (insulin and sulfonylureas) and drugs that improve insulin action and decrease insulin levels (metformin, thiazolidinediones). The central goal of diabetes management is glucose control, this minimize morbidity and mortality related to diabetes by reducing diabetes associated complications. When selecting antidiabetic therapies, physician and patients consider several factors, these includes type of diabetes, glucose-lowering potential of the antidiabetic agent, adverse effect of treatment, costs, patient characteristic and comorbidities.
Type 2 diabetes represent the majority of diabetic population and account for 95% of diabetic population and majority of studies were conducted on this patients. It is generally associated with obesity and overweight in almost 80% of cases. In type 2 diabetes insulin resistance and hyperglycemia are progressive [48, 49] .
The majority of studies on antidiabetic treatment and cancer risk have limitations, one limitation is that diabetic patients are treated with more than one antidiabetic agent, because of the progressive nature of type 2 diabetes. In this case is very difficult to assess an association between a specific antidiabetic drug and cancer risk [18] .
There are 14 diabetes drugs available at this time, and data suggest a higher risk of cancer development with pioglitazone, insulin and insulin secretagogues [50] [51] [52] [53] . Metformin have been identified in several studies in the past few years to improve survival in patient diagnosed with cancer and diabetes and to reduced cancer risk [54] . Insulin has been shown in studies to have a direct proliferative effect; for the insulin analogues, further studies are needed to determine the potential role in cancer proliferation.
Diabetes and site -specific cancer

Diabetes and breast cancer
Breast cancer is the leading cause death among females worldwide. An estimated 1.7 million new cases and more than 500,000 deaths occurred in 2012 [2] . Risk factors for breast cancer include age greater than 50 years, family history, genetics, female gender, Caucasian and African American Race, obesity and hormonal factors such as menstrual history, nulliparity and use of hormone replacement therapy [55] .
The association of diabetes and breast cancer was studied extensively and appears to be connected via activation of insulin-IGF pathway through hyperinsulinemia and dysregulation of sex hormones [56, 57] . Cell proliferation in both normal human cell and in breast cancer cell has been shown to be influence by insulin. Insulin stimulates cell cycle progression and DNA synthesis of MCF-7 breast cancer cells in vitro [58, 59] .
One mode of action of breast cancer gene 1 (BRCA-1) is a tumor suppressor activity which depends on its ability to mimicry a cellular low-energy status, which is also known to block tumor cell anabolism and suppress the malignant phenotype. Studies shown that increased physical activity and normal weight in young women and adolescence have been associated with significantly delayed breast cancer onset for Ashkenazi Jewish women carrying BRCA-1 gene mutations [60] . Similar to animal model, human studies demonstrated a link between hyperinsulinemia and the risk for breast cancer. One study, although was conducted on postmenopausal women without diabetes, the Women's Health Initiative, reported that fasting insulin levels, independent of obesity, were strongly associated with breast cancer risk [61] . Studies conducted on women with diabetes, demonstrated also the association between hyperinsulinemia and risk for breast cancer. The Nurses' Health Study was conducted on women with type 2 diabetes and concluded that women with type 2 diabetes had an elevated incidence of breast cancer, independent of body adiposity and also that the risk was observed on women with estrogen receptor positive breast cancer [62] .
Other studies explored the relationship between type 2 diabetes and breast cancer mortality and reported positive association. For example, prospective cohort study conducted by Coughlin et al. [63] showed that diabetic patient had an increased risk of breast cancer mortality in comparison with controls. Several factors may contribute to the increased mortality in diabetic breast cancer patients, these include delayed cancer diagnosis, suboptimal cancer treatments, direct tumor promoting effects of hyperinsulinemia, and adverse effects of diabetes-related comorbidities or certain antidiabetic medications [64] .
In conclusion, several studies have demonstrated an increased risk of breast cancer and breast cancer mortality in patients with type 2 diabetes and this may be related to biological effect of diabetic state.
Diabetes and endometrial cancer
Worldwide in 2012, more than 500,000 women were diagnosed with uterine cancer, and the mortality rate was 1.7 to 2.4 per 100,000 women [65] . In developed countries, uterine cancer is the most common gynecologic neoplasia, counting over 50,000 new cases and over 10,000 deaths from this disease every year [66] [67] [68] .
An important and well known risk factor for endometrial cancer is obesity. Other risk factors are reproductive factors, hypertension, physical activity, exposure of endometrium to estrogen unopposed by progesterone and diabetes.
In vitro studies have shown that endometrial cancer cells have an increased proliferation by activation of IGF-I, activation of insulin, and through the ovarian steroid hormone signaling pathways, such as estrogen and androgen [68, 69] . Although is not known to exist a direct correlation with insulin or IGF levels in endometrial cancer, additional factors such as ovarian steroid hormones or inflammatory cytokines make difficult to confirm if there is a single effect of insulin or IGF activation through insulin or IGF serum levels. Estrogen can activate IGF-I receptor on endometrial cancer cells, this will increase cellular proliferation through PI3K signaling, a link to IGF-I receptor activation [70] . The androgen receptor (AR) activated by the binding with androgen could also increase the proliferation of endometrial cells by the Notch signaling pathway [66, 71] . Insulin resistance increases C-reactive protein (CRP) levels and was associated with an increased risk of endometrial cancer in postmenopausal women [66, 72] . This show that endometrial cancer could be associated with the chronic inflammation that present in type 2 diabetes.
Obesity is a well-established risk factor form endometrial cancer, and due to close relationship between obesity and type 2 diabetes it is important to distinguish and there a very few studies that examined the effect of diabetes in endometrial cancer by body weight, and the findings in this studies is inconsistent [73] . There are many studies that examine the association between diabetes and the incidence of endometrial cancer, but only three studies adjusted for body mass index (BMI) and one study reported a significant association of endometrial cancer risk and diabetes [74, 75] .
Association between diabetes and incidence of endometrial cancer and the potential effect of modification by obesity and physical activity was prospectively examined in the Swedish Mammography Cohort Study. Diabetes was associated with an increased risk for endometrial cancer, and combination of diabetes with obesity and low physical activity was associated with a further increased risk for endometrial cancer [76] . Interventions to reduce body weight and increase physical activity may have important implications in terms of endometrial cancer and future management of diabetic subjects.
Diabetes and colorectal cancer
In 2012, there were an estimated 1.4 million new colorectal cancer cases and 693,900 deaths. The highest colorectal cancer incidence rates in both males and females are in Japan, followed by Europe, Oceania, and North America. The lowest rates are found in Africa, some Asian countries, and Latin America and the Caribbean [2] . Type 2 diabetes was suggested as a risk factor for colorectal cancer [77] . Mechanisms implicated in this association are a slower bowel transit in patient with diabetes, that lead to increased exposure to toxins, increased production of carcinogenic bile acids and hyperinsulinemia [78] .
Hyperinsulinemia has been associated with insulin resistance, increased levels of growth factors, including IGF-1, and alterations in NF-_B and peroxisome proliferator-activated receptor signaling, which may promote colon cancer through their effects on colonocyte kinetics and was explored in most studies.
The Nurses' Health Study shown that patients with type 2 diabetes included in the study had a relative risk for colorectal cancer of 1.43 [79] . Several studies shown an increased risk for colorectal cancer in diabetic patients using insulin therapy [80] and also reported increased mortality in diabetic patients with colorectal cancer aged over 30 [77] .
In conclusion, both colorectal cancer risk and mortality appear to be increased in patients with type 2 diabetes and hyperinsulinemia is mediating this association.
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Diabetes and pancreatic cancer
Cancer of the pancreas is one of the deadliest cancer types. Based on the GLOBOCAN 2012 evaluation it is estimated that pancreatic cancer is responsible for more than 330,000 deaths per year, putting pancreatic cancer on the seventh place of leading causes of cancer death in both sexes together. Worldwide, according to data available, more than 330,000 people had pancreatic cancer in 2012, making it the 11th most common cancer, and the highest incidence and mortality rates due to pancreatic cancer are found in developed countries [2] .
The causes of pancreatic cancer are still insufficiently known, but certain risk factors have been identified to have an impact in the development of pancreatic cancer. Risk factors implicated in pancreatic cancer are smoking, obesity, genetics, diabetes, diet, physical inactivity [81] .
Diabetes mellitus is associated with an increased risk of pancreatic cancer; data in literature shown that both type I and type II diabetes have doubled the risk of pancreatic cancer [82] . Diabetes may be a risk factor for pancreatic cancer, but may also be the result of pancreatic cancer itself. Mechanism implicated is hyperinsulinemia, insulin has been shown to promote growth in pancreatic cell line and insulin resistance may enhance pancreatic carcinogenesis through enhanced proliferation of islet cells and increase cell turnover [83] . In type 2 diabetes exocrine pancreatic cells are exposed to high levels of insulin, and insulin act as mitogen leading to tumor growth. But this does not explain the increased risk of pancreatic cancer in type 1 diabetic patients and in patients treated with insulin therapy [84] . On the other hand, pancreatic cancer can be the cause of diabetes, through islet cell destruction and insulin resistance. It is not clear how pancreatic cancer can determine insulin resistance, but has been shown that diabetic patients with pancreatic cancer have increased plasma levels of islet amyloid polypeptide, a hormonal factor secreted by pancreatic cells that may cause insulin resistance [85] .
Insulin resistance may appear early in pancreatic cancer, and patients may be diagnosed with diabetes long before developing sign or symptoms of pancreatic cancer. This concept was introduced by Gullo et al. [86] In conclusion, further studies are necessary to explain this complicated association between diabetes and pancreatic cancer.
Diabetes and prostate cancer
Unlike others cancers that were discussed before, prostate cancer have been shown to have a decreased incidence among type 2 diabetic patients, studies show a decreased risk for prostate cancer in diabetic patients (9-16%) [87, 88] .
High testosterone levels are associated with prostate cancer and type 2 diabetic patients commonly have low levels of testosterone, are obese and elderly and both are associated with low levels of testosterone, and this may be one of the reason that can explain the negative association with prostate cancer.
Some studies have suggested that the link between prostate cancer and diabetes is mediated by the effect of hyperinsulinemia on testosterone levels [89] . Other studies have shown a negative association between hyperglycemia, hyperinsulinemia and prostate cancer. For example, Stocks and colleagues [90] in their prospective study reported that increased insulin resistance and low glycemic control is associated with low risk for prostate cancer in diabetic patients.
Despite the fact that prostate cancer risk may be low in diabetic patients, they may have higher risk for cancer related mortality than non-diabetic patients.
Prostate cancer is an important example of the complexity of carcinogenesis associated with diabetes. On the one hand, an association between diabetes, IGF-1, hyperinsulinemia and insulin resistance appears plausible, but on the other, these features can be somewhat counterbalanced as well and can reduce the risk for the development of one of the leading cancer entities worldwide.
Diabetes and hepatic cancer
Hepatocellular carcinoma (HCC) represents the most common form of primary liver cancer. The association between HCC and type 2 diabetes was reported first 30 years ago, when Lawson documented that type 2 diabetes is more prevalent in patients with HCC, irrespective of viral hepatitis, alcoholic cirrhosis or hemochromatosis [91] .
Since then, multiple studies have shown an association between type 2 diabetes and HCC, and documented the increased risk for HCC in diabetic patients, independent of age, sex, obesity, smoking, hypertension, presence of cirrhosis and hepatic steatosis [92] [93] [94] .
The exact pathophysiological mechanisms linking type 2 diabetes and HCC are not completely understood, but the understanding of HCC pathophysiology has improved in recent years.
It is well known that type 2 diabetes is associated with increased hepatic and peripheral insulin resistance, lipotoxicity, increased oxidative stress and chronic low-grade inflammatory state, and several studies suggest that all these factors may contribute to the development of HCC by promoting hepatic cellular growth/proliferation and by inhibiting cellular apoptosis. In addition, in the presence of insulin resistance, insulin levels rise in blood, resulting in increased insulin-like growth factor-1 (IGF-1) production that is capable to stimulate hepatic cellular growth and proliferation and inhibit cellular apoptosis in the liver. Hyperinsulinemia also stimulates insulin receptor substrate-1 (IRS-1), which plays an important role in the activation of some intracellular cytokine signaling pathways implicated in hepatic carcinogenesis [95, 96] .
There are ongoing studies trying to improve our knowledge about the pathophysiology of HCC. Recently, we have evidence that suggest that gut microbiota alteration may play a role in pathogenesis of type 2 diabetes [98], other studies reported some epigenetic alterations that might be also important for HCC development, for example, the hypermethylation of the E-cadherin-1 (CDH-1) gene has been related to increased incidence of NAFLD-related HCC [95] [96] [97] .
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Conclusions
Diabetes and cancer are common and serious global health problems, and incidence of both diseases is increasing all over the world. Many studies have suggested the relationship between diabetes and cancer and the fact that diabetes, may affect the risk of developing a variety of cancers, and this association is also biological plausible.
It is important as a clinician to take in consideration all aspects when treating a cancer patient who has diabetes. It is important to consider all complications, cardiac, neurologic and renal complications that are commonly associated with diabetes. Continued improvement of cancer outcomes may be dependent also by the control of diabetes. Taking in consideration the results of numerous epidemiologic and clinical studies involving diabetes and cancer, clinicians must also pay attention to the increased risk of new or longstanding diabetics for some tumor entities by regularly screening diabetic patients for early development of cancer.
The association between diabetes and cancer is complex and need further studies.
It is an important health problem worldwide, and scientists, clinicians and politicians have to develop national policies for early diagnosis and prevention of diabetes and cancer more effectively, otherwise both diseases with their biologic and sociologic relationships could overwhelm health systems.
